Abstract 1-Amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-ones, as previously unknown ring-annelated isoquinolines with a 3-aminoimidazolidin-4-one scaffold, were selectively prepared upon reacting 2-carbamoylmethylor 2-ethoxycarbonylmethyl-3,4-dihydroisoquinolinium salts with hydrazine hydrate. Acylation of the primary amino group with benzoyl chlorides, followed by reductive ring cleavage of the annelated 4-imidazolidinone ring and final cyclodehydration of the N,N'-diacylhydrazines resulted in the synthesis of 1-methyl-2-(5-aryl-[1,3,4]oxadiazol-2-ylmethyl)-1,2,3,4-tetrahydroisoquinolines which are of interest due to their potential use as bioisosteres of biologically active N-aryl-2-(1-methyl-3,4-dihydro-1H-isoquinolin-2-yl)acetamides.
Introduction
Due to the natural occurrence and interesting chemical or biological properties of ring-annelated isoquinolines, 1 as exemplified by the tetrahydroisoquinoline antitumor antibiotics, 2 and lamellarin alkaloids, 3 a broad interest in the synthesis of this class of azaheterocyclic compounds
Results and Discussion
As previously reported, the annelation of the imidazolidine ring to the isoquinoline nucleus starts by reaction of 3,4-dihydroisoquinoline or the corresponding 6,7-dimethoxy derivative with chloroacetamide which affords 2-carbamoylmethyl-3,4-dihydroisoquinolinium chloride 1. 5c It was shown previously that the reaction of 2-carbamoylmethyl-3,4-dihydroisoquinolinium chloride 1 with aqueous potassium hydroxide afforded 10b-methyl-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-one. 5a During the present investigations, it was found that heating 2-carbamoylmethyl-3,4-dihydroisoquinolinium chlorides 1 in the presence of hydrazine hydrate regioselectively lead to the formation of five-membered heterocycles, i.e. 1-amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-ones 3 in good yields, with hydrazines 2 as potential intermediates and without any observation of the corresponding sixmembered compounds 4 (Scheme 1). Similarly, 2-ethoxycarbonylmethyl-3,4-dihydroisoquinolinium bromide 6, prepared by treatment of 1-methyl-3,4-dihydroisoquinoline with ethyl 2-bromoacetate, 12 efficiently reacted with hydrazine hydrate under mild reaction conditions to afford 1-amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-ones 3 (Scheme 2). The main evidence for the assignment of structures 3a,b containing the 1-amino-4-imidazolidinone ring, followed from the 15 N NMR data. The 15 N NMR spectrum showed three different N-atoms with chemical shifts at -341.7, -327.0 and -227.0 ppm (for compound 3a) and -342.1, -327.2 and -226. 6 (for compound 3b). In 15 N DEPT experiments without 1 H-decoupling 3.97 ppm for 3a and at 3.98 ppm for 3b) with a relative intensity of two protons attributed to the NH 2 -function. In contrast, for the corresponding six-membered structure 4, two different NHsignals each with a relative intensity of one proton would be expected. 
Scheme 2
The assignments presented in Figures 1(a) and 2(a) were based on the combined application of standard NMR techniques such as NOE-difference (Figure 1 (b) and 2(b)), NOESY, APT, DEPT, HSQC, HMBC and long-range INEPT spectra with selective excitation. 13 As in the case of 1-amino-1,2,3,9a-tetrahydroimidazo [ Further proof for the presence of the primary amino group in the cyclized compounds was obtained by reacting 1-amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-ones 3 with benzoyl chlorides and benzaldehydes. Acylation of 3-amino-4-imidazolidinones 3 with benzoyl chlorides afforded N,N'-diacylhydrazines 7a-f in 67-96% yield. Further reduction of the latter compounds with sodium borohydride upon heating in tetrahydrofuran resulted in ring cleavage of the annelated 4-imidazolidinone ring, 14 19 and antiprotozoal agents. 20 The exocyclic amino group in compounds 3 reacted with aromatic aldehydes by heating in ethanol in the presence of catalytic amounts of piperidine and afforded the corresponding hydrazones 10a-c, albeit in low yields. Compounds 10 could also be forced to reductive ring opening by reaction with sodium borohydride in THF to give acylated hydrazones 11 (Scheme 4). 
Experimental Section
General Procedures. Melting points were determined in open capillary tubes with a Büchi B-540 melting point apparatus and are uncorrected. Infrared spectra were recorded on a Perkin Elmer Spectrum One spectrometer using potassium bromide pellets.
1 H NMR spectra were recorded at 300 MHz on a Varian Unity Inova spectrometer and at 500 MHz on a Bruker Avance 500 spectrometer; 13 C NMR spectra were registered at 75 and 125 MHz, respectively. Chemical shifts, expressed in ppm, were relative to tetramethylsilane (TMS).
15
N NMR spectra (50.69 MHz) were obtained on a Bruker Avance 500 spectrometer using a 'directly' detecting broadband observe probe and were referenced against neat, external nitromethane (coaxial capillary). Mass spectra were recorded on a Agilent 110 (series MS with VL) instrument. 
General procedure for the acylation of 1-amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-ones 3 with benzoyl chlorides
To a stirred solution of 3 (10 mmol) in dry acetonitrile (7.5 mL), a solution of benzoyl chloride (11 mmol) in dry acetonitrile (10 mL) was added dropwise at room temperature and the mixture was stirred for 1 hour. The formed crystals were separated by filtration and dissolved in water (25 mL). Solid NaHCO 3 was added in portions to basify the mixture to pH 8-9. The mixture was extracted with dichloromethane (3 × 25 mL), the combined extracts were washed with water (25 mL) and dried over anhydrous sodium sulfate. The solvent was evaporated in vacuo and the residue was purified by flash chromatography with acetone/hexane 1:1 (for 7a-c) or dichloromethane/methanol 9:1 (for 7d-f) to give the corresponding N,N'-diacylhydrazines 7. -2-oxo-2,3,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-1(5H)-yl) N-(8,9-Dimethoxy-10b-methyl-2-oxo-2,3,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-1(5H) -N-(8,9-dimethoxy-10b-methyl-2-oxo-2,3,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-1(5H)-yl)benzamide (7e) -N-(8,9-dimethoxy-10b-methyl-2-oxo-2,3,6,10b-tetrahydroimidazo[2,1-a] N-substituted 1-amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-ones (7a-f, 10a,b) with sodium borohydride To a solution of N-substituted 1-amino-1,5,6,10b-tetrahydroimidazo[2,1-a]isoquinolin-2(3H)-one 7 or 10 (1.35 mmol) in 7 mL of dry tetrahydrofuran, sodium borohydride (0.153 g, 4.05 mmol) was added. The mixture was heated at 70 °C for one hour, then cooled to room temperature, poured into water (30 mL) and extracted with dichloromethane (3 × 20 mL). The combined extracts were washed with water (20 mL) and dried over sodium sulfate. After filtration, the solvent was removed under reduced pressure and the residue purified by flash chromatography on silica gel with acetone/hexane 1:1 (for 8a-f) or acetone/hexane 1:3 (for 11a,b) to obtain the various hydrazines 8 and 11. -N'-[(1-methyl-3,4-dihydro-2(1H)-isoquinolinyl) -N'-[2-(6,7-dimethoxy-1-methyl-3,4-dihydro-1H-isoquinolin-2-yl) Fluoro-N'-[2-(6,7-dimethoxy-1-methyl-3,4-dihydro-1H-isoquinolin-2-yl) To a stirred suspension of hydrazide 9 (1 mmol) in dichloromethane (12 mL) was added triphenylphosphine (1.57 mmol), carbon tetrachloride (5 mmol) and triethylamine (1.57 mmol), after which the mixture was heated to reflux for 24 h. The mixture was cooled to room temperature, poured into water (15 mL) and extracted with dichloromethane (3 × 15 mL). The combined organic layers were dried over sodium sulfate, filtered and the solvent was evaporated under reduced pressure. The residue was chromatographed on silica gel with hexane/acetone 2:1 to yield 1,3,4-oxadiazoles 9 as oils. -2-(5-phenyl-[1,3,4]oxadiazol-2-ylmethyl)-1,2,3,4- 10b-methyl-1,5,6,10b-tetrahydroimidazo[2,1-a] 
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